Vaginal cytology and vulva size were used to characterize the reproductive cycle of female blackfooted ferrets (Mustela nigripes), Siberian polecats (M. eversmanni), and domestic ferrets (M. putorius furo). Emphasis was on black-footed ferrets because of the need to breed these critically endangered animals and on Siberian polecats because of the close taxonomic relationship to black-footed ferrets. Vaginal cytology of the 3 species of ferret is similar. Proestrus was characterized by an increasing percentage of superficial epithelial cells and enlargement of the vulva. During estrus, superficial cells were usually ≥ 90% of epithelial cells in the vaginal lavage and after several days were fully keratinized. Neutrophils were more common during all stages of the estrous cycle in domestic ferrets than they were in the other species. Following copulation, percentage of superficial calls in the vagina declined and vulva swelling subsided. Large cells, probably of uterine symplasma origin, were observed in vaginal lavages following whelping or pseudopregnancy. Vaginal cytology is extremely useful in the reproductive management of black-footed ferrets and Siberian polecats. Knowledge of normal vaginal cytology could be applied to the diagnosis of female reproductive abnormalities in all 3 species.
The subgenus Putorius or polecat group of the family Mustelidae includes black-footed ferrets (Mustela nigripes), the Siberian or steppe polecat (M. eversmanni), and the European polecat (M. putorius), from which the domestic ferret (M. putorius furo) was probably derived. 15 Black-footed ferrets and Siberian polecats are closely related 1, 16 and interbreed in captivity (unpublished observations).
Black-footed ferrets are among the most endangered mammalian species, 12 and they are not known to exist in the wild. 21 A colony was established for captive propagation in 1985-1986 at the Wyoming Game and Fish Department's Sybille Wildlife Research and Conservation Education Unit near Laramie, Wyoming. 19, 20, 23, 26 Siberian polecats are used in fur production, and some Asian subspecies are considered endangered. 18 We used Siberian polecats and domestic ferrets to develop safe and effective reproductive management techniques for black-footed ferrets. Domestic ferrets are commonly used in biomedical research and are popular household pets. Veterinary practitioners and diagnostic laboratories should be aware of the nor-ma1 biology of this species and of ways to assess the reproductive status of these animals.
Ovulation in domestic ferrets, po1ecats, 24 and blackfooted ferrets occurs following copulation; these animals are considered induced ovulators. Following copulation and ovulation, ferrets and polecats either become pregnant or experience pseudopregnancy. 5 Some animals cycle out of estrus without ovulation and thus do not experience true metestrus or diestrus as part of the estrous cycle. Domestic ferret females that are not bred remain in heat for prolonged periods of time, which may lead to estrogenic bone marrow depression?
Vaginal cytology is commonly used to detect estrus some domestic species, especially dogs, 17 and has been described in domestic ferrets 7 and mink (M. vison) 9, 11 Vaginal cytology has been partially described in Siberian polecats 14 and black-footed ferrets. 4, 10, 25 The purpose of this paper is to describe normal vaginal cytology in 3 species of ferrets, with emphasis on the use of this technique in the management of an endangered species, the black-footed ferret. footed ferrets were studied from December 1986 to June Received for publication October 15, 1990. 1988, Siberian polecats were studied from June 1986 to June 1988, and domestic ferrets were studied from June 1986 to May 1987. Husbandry of black-footed ferrets has been described (Thorne ET: 1987, Res Proj Segment Job NASWSM2550, pp. 58-77, Wyo Game Fish Dep, Cheyenne, WY; Thorne ET, Kwiatkowski DR: 1988, Res Proj Segment Job NASWSM2550, pp. 65-72, Wyo Game Fish Dep, Cheyenne WY). 19, 25 Siberian polecats were housed in painted wooden cages with vinyl-clad woven-wire fronts and tops and were fed commercial mink food, c dry cat food, d and canned cat food e supplemented weekly with whole mice or hamsters. Fluorescent lighting was adjusted to the ambient natural photoperiod approximately weekly. Domestic ferrets were housed in stainless steel cages and were fed dry cat food, and fluorescent lighting was adjusted to 16 hr light: 8 hr dark. Domestic ferrets were not bred but were treated with hCG f (100 IU) 6 to induce ovulation after prolonged estrus as part of another study.
Materials and methods

Cytology
Black-footed ferrets resisted manual restraint; therefore, to minimize stress they were handled in small tubular cages (Thorne ET: 1987, Res Proj Segment Job NASWSM2550, pp. 58-77, Wyo Game Fish Dep, Cheyenne WY). 19, 25 Sibe-rian polecats and domestic ferrets were tractable and sampling was usually accomplished by 1 person with manual restraint.
Vaginal lavages were obtained using sterile plastic l-ml syringes and plastic 100-µ1 pipette tips g that had tip edges slightly rounded by heat and the hub cut to fit on the syringe. The tip was gently inserted approximately 1.0-1.5 cm into the vagina until it met slight resistance, and 0.05-0.1 ml sterile physiologic saline was flushed and aspirated several times. Contents of the syringe were expelled onto a clean glass slide, sprayed with cytologic fixative, h and allowed to air dry. Papanicolaou-stained 13 vaginal lavages were viewed by light microscopy at 200x magnification. A few lavages in 1986 were stained using Wright's stain. Two hundred epithelial cells from each lavage were categorized and counted, fields to count were chosen in areas where cells were abundant and evenly distributed. Vaginal epithelial cells were categorized 17 as parabasal, intermediate, superficial intermediate, or superficial cells ( Fig. 1 ). Subjective assessment of numbers of neutrophils, erythrocytes, and bacteria (numerous = 4, many = 3, few = 2, rare = 1, none = 0) was made for each lavage. Vulva1 measurements were taken using a plastic ruler. Maximum length and width of the labia were were conducted periodically during anestrus and postbreeding and weekly to daily during proestrus and estrus.
2). Fluctuations were not as pronounced in young an-Anestrus was defined as the period of reproductive qui-estrus females as compared with adults ( Fig. 2) . Neuescence when percentage of superficial cells in the vaginal trophils were often present in vaginal lavages but sellavage was generally minimum and copulations did not oc-dom in large numbers. Bacteria were rare in vaginal cur. Proestrus was defined as the period of progressive in-lavages from anestrus females.
crease in percentage of superficial cells in vaginal lavages and
A mixture of epithelial cell types was present in vagiincrease in size and intumescence of the vulva, and copu-nal lavages collected during proestrus, including all cell lations did not occur. Estrus was defined as the period of types observed during anestrus. In most individuals, ≥ 90% superficial cells in most vaginal lavages and maximum neutrophils increased slightly during proestrus. Changes vulva size and corresponded to the time of breeding.
Black-footed ferrets
Results
Vaginal epithelial cells were morphologically similar to those described in dogs 17 (Fig. 1a-1c ). Parabasal cells were rarely observed. Occasionally, parabasal and intermediate cells were vacuolated and/or contained neutrophils within the cytoplasm (Fig. la) . With Papanicolaou stain, superficial intermediate cells were basophilic (blue, green) or acidophilic (pale pink to red). The superficial cells were large with angular cytoplasmic margins and degenerative nuclear changes consisting of pyknosis or rhexis, or absence of nuclei ( Fig. 1c) . During anestrus and proestrus, superficial cells were either basophilic or acidophilic and were rarely orangeophilic (indicating keratinization). Staining of superficial cells changed as estrus progressed. For the first 3-5 days of estrus, superficial cells showed mixed staining properties (basophilic, acidophilic, and orangeophilic) and contained degenerated nuclei. After 4-6 days, lavages contained highly keratinized, generally anucleate cells. Papanicolaou stain demonstrated these changes much more clearly than did Wright's stain.
Changes in vaginal cell types and vulva1 measurements are shown in Table 1 in percentage of parabasal, intermediate, and superfi-highly keratinized for several days until there was abrupt cial intermediate cells were not useful for determining the start of proestrus. Bacteria (large bacilli) increased slightly during proestrus and were always closely associated with superficial cells (Fig. lc) . Vulva size increased during proestrus. Duration of proestrus was approximately 2-3 weeks. 25 Percentage of superficial cells in vaginal lavages during estrus was usually ≥90%; occasional lavages of <90% superficial cells contained numerous highly keratinized superficial cells and scattered intermediate cells. Because of the highly keratinized nature of the superficial cells, these samples were easily differentiated from those of proestrus. Neutrophils were present appearance of nonkeratinized superficial, superficial intermediate, and intermediate epithelial cells (Figs. 2,  3 ). Within several days, superficial cells declined in number to anestrus levels. Vulvas decreased in size and turgidity 3-9 days following first copulation. Vaginal lavages taken 45-50 days postbreeding often contained scattered large (100-150 µm) epithelial cells with basophilic cytoplasm and large nuclei (50-75 µm) with clumped chromatin (Fig. 1d ).
Siberian polecats
Morphology and dynamics of vaginal epithelial cells in Siberian polecats were similar to those in blackin variable numbers during estrus. Erythrocytes were footed ferrets. Changes in cell types in vaginal lavages not observed in any lavage from an estrous female. and vulva1 measurements are shown in Table 1 and Large bacilli were often associated with superficial cells. Figure 4 . Anestrous lavages generally contained <30% Vulva1 size and turgidity of the lips was maximum superficial cells, except those from aged females, which during estrus. Estrus in a few unbred females was ap-occasionally contained 40-50% superficial cells. Neuproximately 30-40 days. 25 trophils were numerous, but bacteria were rare during Percentage of superficial cells in vaginal lavages de-anestrus and proestrus. Periods of proestrus varied from clined below 70% 4-10 days following copulation and 7 to 35 days with most from 2 to 3 weeks in duration. induced ovulation. Cells in postbreeding samples were Date of onset and duration of estrus was most irregular Bacteria were observed in most lavages from estrous females and were especially prominent in some females in prolonged estrus. Erythrocytes were only observed in lavages from 1 female; she subsequently died of uterine neoplasia. Large epithelial cells, similar to those observed in black-footed ferrets, were also observed in Siberian polecats following pseudopregnancy or pregnancy.
Vulval swelling increased during proestrus and was maximal during estrus. Following copulation and induced ovulation, the swelling of the vulva decreased within 3-7 days.
Domestic ferrets
Morphology and dynamics of epithelial cells in vaginal lavages were similar to those in the other species of ferret (Table 1, Fig. 5 ). One female cycled out of estrus after 56 days. Others experienced estrus >120 days: all ovulated following hCG treatment. Neutrophils were very common in vaginal lavages during all stages of the estrous cycle. Bacteria were uncommon except during estrus and then were associated only with superficial cells. Numerous bacteria, neutrophils, cel-lular debris, and some erythrocytes were observed in a few females that experienced prolonged estrus.
Discussion
Vaginal cytology was successfully used to monitor the reproductive status of females in 3 species of ferrets. Use of this technique allowed successful breeding of black-footed ferrets in captivity 4, 25 and could be applied to other endangered polecats or domestic ferrets. Although swelling of the vulva during estrus is an easily observed, noninvasive technique for detection of estrus in ferrets, cytology allows greater precision in the management of breeding. Extrapolation of these techniques should be done with care because cytology may not be reliable in some species of mustelids. 22 Fluctuations in percentage of superficial cells in the vagina during anestrus was more pronounced in blackfooted ferrets than in the other polecat species and in older black-footed ferrets and polecats than in younger animals. These fluctuations may be associated with periods of follicular development prior to onset of the breeding season. 4 The occurrence of these fluctuations could be confusing during the early phases of the breeding season and indicate the need for repeated vaginal lavages over time. Duration of proestrus was approx- imately 2-3 weeks in all species. Superficial cells in vaginal lavages from animals in estrus was usually ≥90%, which is consistent with that observed in domestic dogs. 17 More variability in percentage of superficial cells in lavages during estrus was apparent in domestic ferrets and Siberian polecats, possibly because of prolonged estrous periods with fluctuation in estrogen production.
Swelling of the vulva during proestrus and estrus occurred in all species. Vulval swelling was much greater in Siberian polecats and domestic ferrets as compared with black-footed ferrets, as had been previously observed. 10 The reason for this difference is not known.
All ferrets may have a prolonged estrous period if not bred. Duration of estrus in unbred black-footed ferrets and Siberian polecats is similar and lasts approximately 30-40 days. Domestic ferrets that are not bred or treated with hCG may experience estrogenic bone marrow depression as a result of months of estrus. 2, 6 Bone marrow depression has not been recognized in black-footed ferrets or Siberian polecats.
Neutrophils were generally more common during all phases of the estrous cycle in domestic ferrets and polecats as compared with black-footed ferrets. The cause phils and other signs of inflammation, does not indicate vaginitis. Bacteria were rare except during estrus and were associated with superficial cells rather than neutrophils. These large bacilli are common during estrus in other species. 17 Erythrocytes were rarely observed in vaginal lavages from any of the animals. A uterine neoplasm accounted for the presence of erythrocytes in an aged Siberian polecat. Erythrocytes have been described from vaginal smears from black-footed ferrets in estrus; 10 the presence of these cells may have resulted from the use of manual restraint and swabs to obtain vaginal cells, which may be more traumatic to edematous mucosa than is lavage.
The large epithelial cells present in vaginal lavages several days postwhelping or postpseudopregnancy could be confused with neoplastic cells. These cells are probably derived from the uterine symplasma formed during pregnancy or pseudopregnancy in ferrets. 3, 8 The characteristics of these cells and the recent reproductive history of the ferret should allow for differentiation from neoplasia. 
